Production of staphylococcal beta-lactamase was shown to be correlated with penicillin G minimum inhibitory concentrations (MICs) of greater than 0.05 ,ug/ ml for 97% of the Staphylococcus aureus and 99% of the Staphylococcus epidermidis strains tested. However, it is important to note that of the isolates for which MICs were equal to or less than 0.05 ,ug/ml, a significant percentage (16% of S. aureus and 5% of S. epidermidis) were beta-lactamase producers. Thus, lack of beta-lactamase production, which implies susceptibility to penicillin, cannot be presumed solely on the basis of low MICs. Beta-lactamase production can be easily predicted from disk diffusion susceptibility tests by observing the appearance of the penicillin inhibition zone edge. A sharply demarcated edge was correlated with beta-lactamase production for 100% of the S. aureus and 93% of the S. epidermidis strains tested. The presence of this type of zone edge when a penicillin zone measures in the intermediate or susceptible range indicates that the isolate should be checked for beta-lactamase production.
Most laboratories perform penicillin susceptibility testing of staphylococcal isolates either by an agar disk diffusion or a broth dilution method. However, it is generally thought that the best indicator of resistance to penicillinasesensitive penicillins is the production of betalactamase. Our laboratory uses a broth microdilution susceptibility testing method, and we were interested in establishing the correlation between penicillin G minimum inhibitory concentrations (MICs) and the production of staphylococcal beta-lactamase, that is, in determining at what MIC level an isolate could be assumed to be a beta-lactamase producer.
Various investigators have suggested that beta-lactamase production can be predicted by the appearance of the inhibitory zone edge around a penicillin G (or ampicillin) disk (1, 2 epidernidis. All strains had microdilution antibiotic susceptibility tests performed, and all were also checked for beta-lactamase production.
Microdilution susceptibility testing. Antibiotic susceptibility determinations were done by using microdilution methods. A change in laboratory procedures occurred during these studies, so that some organisms were tested with the method described by MacLowry et al. (3) and others were tested with the method described by Witebsky et al. (5 Of these, 14 were beta-lactamase positive and 3 were beta-lactamase negative. DISCUSSION Penicillin MICs and beta-lactamase production. The results for both S. aureus and S. epidermidis showed that from 1 to 3% of isolates can be very susceptible to penicillin at MICs of equal to or less than 0.05 ,ug/ml and yet still be beta-lactamase producers. These S. aureus isolates were retested by using growth from around an oxacillin disk as inoculum to provide betalactamase induced cells; these then showed MICs of greater than 0.05 ,ug/ml. After this study was completed, a review of additional staphylococcal isolates tested between January 1978 and July 1980 showed that 0.8% of 2,028 S. aureus and 1.4% of861 S. epidermidis isolates had MICs of equal to or less than 0.05 ,ug/ml and yet were beta-lactamase producers.
In the present study, approximately 30 to 35% of both Staphylococcus spp. showed MICs of between 0.05 and 1.0 ,ug/ml. It is significant that all of these isolates were beta-lactamase producers. No organisms which were beta-lactamase negative gave MICs which were greater than 0.05 ,tg/ml.
It has been previously recommended that all S. aureus strains tested by microdilution should also be tested for beta-lactamase by a chemical test (4) . Our results indicate that laboratories using a microdilution procedure should at least check all staphylococcal isolates for which MICs are equal to or less than 0.05 ,ug/ml because 7 of 45 (16%) S. aureus and 3 of 61 (5%) S. epidermidis strains for which MICs were equal to or less than 0.05 ,ug/ml were beta-lactamase producers. There should be some mechanism in the laboratory reporting system to indicate that staphylococcal isolates for which penicillin MICs are equal to or less than 0.05 ,ug/ml but are positive for beta-lactamase production should be considered penicillin resistant. Chemical testing of isolates with MICs greater than 0.05 ,ug/ ml would not be necessary since these all appear to be penicillinase producers. The reporting system should specify that isolates for which penicillin MICs are greater than 0.05 ,ug/ml should be considered beta-lactamase producers which are resistant to penicillin.
Appearance of the zone edge and betalactamase production. The appearance of the penicillin zone edge for staphylococci can be a simple, accurate, and useful quality control procedure for detecting beta-lactamase producers which may, on occasion, show intermediate or even susceptible zone sizes by disk diffusion testing. Our results, particularly with S. aureus, show that the test was highly reliable. Although we did not use the standard Kirby-Bauer disk test, a limited comparision of zone edge interpretations made from our routine plates and from standard Kirby-Bauer plates showed no difference in the interpretations. This suggests that laboratories using the Kirby-Bauer technique can utilize this zone edge phenomenon. At the least, it can be an inexpensive screen for the detection of beta-lactamase production in isolates showing susceptible or intermediate zone sizes around a penicillin G disk.
Interpretation of the appearance of the zone edge is not difficult once the difference has been shown to those reading disk results. This is particularly true for S. aureus. In the present study, greater than 90% of S. epidermidis zone edges were also read without difficulty. However, 7% of S. epidermidis strains had edges which were uninterpretable; these consisted of both beta-lactamase-positive and beta-lactamase-negative organisms. This may in part be related to the heterogeneity in coagulase-negative staphylococci, the majority of which are S. epidermidis, but a small percentage of which (from clinical specimens) may be other species. Our experience with these other species is limited, but recent tests with several reference strains have shown that the zone edges for certain Staphylococcus spp., such as S. cohnii, may be difficult to interpret; one strain each of S. xylosus and S. saprophyticus yielded penicillin zone edges which were unambiguously read as beta-lactamase positive, but were negative by the acidometric test. These preliminary results suggest that, probably, for a very small percentage of coagulase-negative staphylococci (most of which would be called S. epidermidis by clinical laboratories), one cannot rely on the appearance of the zone edge to predict beta-lactamase production. However, this should not offset the 
